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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the subject apparatus improved in its drive efficiency by 
accurately catching and tracking the fundamental resonance frequency of an ultrasonic vibrator 
and always stably holding the drive frequency to the ultrasonic vibrator. 
SOLUTION: As a means for setting the drive frequency of an ultrasonic vibrator driving 
apparatus, a PLL tracking means constituted of a hase comparator (1) 2, a low-pass filter 3, a 
voltage control oscillator 4 and a variable frequency divider 5, and a microcomputer 1 inputting 
the current/potential phase difference signal A2 of the difference between the voltage phase 
signal 0V and current phase signal 61 of a drive signal outputted from a phase comparator (2) 9 
and forming a renewal control signal D1 for renewing the frequency dividing number N2 of the 
variable frequency divider 5 contained in the loop of the PLL tracking means to output the same 
are provided. In this case, the output signal S4 of the voltage control oscillator 4 is divided in 
frequency by N1 in a fixed frequency divider 6 to form a drive signal S5, which is, in turn, applied 
to an ultrasonic vibrator 10 through an amplifier 7 and a current phase detector 8. 
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K-r* tttic «ia*»s«i*i=ttr 

f&^fSirLT. tft4iJttt« (1)2. □ jU 
*3. ttEMffJBN«4£J:UCWNNatftttMN5l::J: 

y«*4*i*PLLia***t. (Miittt» (2) 9 ct 

D1 J4MLTtii^t4-7^^Da>tfa-S: 1 k£ffi 
jJSffili^ 1 0|CEPJJD$+Li). 
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i=»«r«»*»©«#*±j*Lrai*-t«PL LiiJt 

[«*« 2 ] MIS p L L iBJS^Ktf. ttEWMSMK 

«#©tt« t »a«-^©(4» t * tttt l r etamiiE £ 

©fi«lk«»t. BuSBftt§MlE£A7J L 

■css»tt*aa«E©«jiiafli»saui l rtu o— 
Ax^-fjuSt, i$n— /^x7-r;u^©as*«Ei=J:y 

t. tt«ffiW»*«»©aiaj***A*L-C. MEEK 

#©«*»*#« u *nE»a«#£LT«fei*Hia-*-s 

wictets-rftRAMi:. meauFA9©n*«flue'r« 
BrS©«i»»jfte.i;i=wriB«at • «Ett«a«*©-7*i? 
*;u«l=»r*«»*tt*tffl©»flMIEE«i: LT*JE* 
tLftSipmE^-^fil^fBffi-rftROMi:. ffJSBSSK • 

©*«■*#». »*«-*A*t Lr*Jffi»d«iMI=»^^ 
T3(JMft3i£mv fijSBP L LiftJB*«©;u-?Wlc# 

* «rtE3E«f * ±l« L T ttJ * -T 4 t ft « 

>tfi— S»lZ «t y«BE$*lft!S*« 1 *fcl*2SEiE©li 
C*W©B«ffl*lttW3 

[000 1 ] 

mi-w-rftc 

[0 0 0 2] 

[&*©&»] ttXtDBtXiMfllKtOfl^: L 
t, 4>*D©P L L (Phase Lock Loop ) ilJ17jxt£flH^ 

tzifiZti*. *ft*#'J (»i©tt*«t = 5) I*. 132 

Lt. «EtttfMgS«i i <h. 4MHM 2t. ft*@&tij 



S1 3i, ftffiit&fll 4t. D-/\°x-7-r i St 

1 *y«sai:fti$*i&KiMi-9M:« turn 2i=«fcyif 

^Lt. mmteWtW)* 1 6A?iE»$^.ft 0 *-<DPS!lc % ft 
*B&tt!fg1 3frS>li. tt*ttSM?l 6lc*f*4IE»flr 

t, #l=tfcffiJ±«Sl 4l=A*iS;h.4 e ttffiJt&S 1 4 
1= I *T I*, Z jfc & © 0 V t «3ttt«flM5- 

0 1 ©<iffi*<ifc8R&***iT, Pft*l«#©ft*§M«-5§- 

*<J±i^$^U, P — JUS 1 5ICA^)$tLftc d — 

SKjSlvCI*. iWfBftflM1f-S§-©1&Jfl& 

1l-A*$*ift. <£<SQb*VT:^ 4 mEftJiSP* 

«• 1 1 . mwa i 2 . mnaais 1 3 . ft*gj±$xis i 

4fcJ;0;p-/U7-f^ 1 5I4P L L08& LT 
fcU, *EE««PMSi i l=«fe*»««jft»l*. «Eft 
*B1t#0V t»3Kftta<t#0 I ©tt«**<*£ £4.1:3 

i=im»iis2f*i4. gp*>, *s«f«ifts«i 1 *yta* 

El=M 6©««Jl:R»©jfi«©SifigHT'5l«ai*$+LT 
l>4*<. P L LiftJI3Ra>ttfklcJ:U. *©*««»» 
I*, 6©#«JSifc»lcJft3rf ft«fc5l::*l 

«WS$*U 3e*»^ttJBI=*5t^TI4. *©JRSE«»ft 

[0 0 0 3] ffe©fit3tE«t LTI*, ^IS¥Z-2 

4 5 2 7 5 TJi^-StlKi^05Igl!)^gj 
*l"C^4. C©fl|*« (* 2 ©«£*«*:« 5) I*. B3 

ttStt&ftStt 1 8 *5 J:i;t4«Jt«* 2 4 «r«t;Bnig| 
Bt. fill 9i. ttttiaK2 0J:, *«#giI3§2 i 
<t. X-<-v^[elK2 2t, $l)iS|lls)S&2 3 <t£«l*.Tt$tJ& 
$*Lft„ Cro^tflJI-fcl^Tt. P-/U7^J^1 

7, ttEtijisp^jifi i s, 4Miai 9. mtam^zo. 

X-< t/^EB2 2fcJ:t;tMBJ±K»2 4I4P L LEES^ 

jKfiJtLTfft^, Msemi ©tt*«©*^ti*j*«y. 

-<-v^[s]S&2 2©Bfll©ttjSI= t&9Tl»4*i: 
33L^T©*f. ^X-f V^-BI»2 2^igft LTmstt&sg 

2 4|rA^$^Lft<fc5|-P L L@SSA<ffJ)?E$tLTC^ftc 

a -f •> in ss 2 2 1 r £ 1 1 ft a « «k i; B W © ffi JA I ~ ft t 
ftx-r-v^^^^i*, M»iaK2 3i=*y«w**ir*5 

y, ±5E©J:5I^, Bffl©«jSi4< fc<t*lt*l= 

i*. fja©m 1 ©^*0ijti^^©p l LiaiSA<ff$BE$ 

tLs *fcAffl|©«*A< 1 6:4**1=1*, ftSK&fi 

li^ei ©e^itb$xS2 4iz^-rftA7Di*ifitiff*tL. ft 
+?yi=. «*fi»si2 1 *>t,ai*$^4sni»*«#A< 

A ftij <D if $• ^ L T ft *B tt $x S 2 4 I r A 73 $ *l 4 . 

[ooo4] jut. ^(DttStflijroKifEic-oi^-c^©® 
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mzmmtz. Bmzasivc, attumwi^-z 5<onm 

y^HS&2 2l4AflW ££SJ:5l=«Wa*u £ 
m#6iiS§2 1 fr&<DSS«»iWS^AMa*BJ±$8Sf 2 4 
Lt. a— /^yj )\,$ i 7. fE*J»MSi 8j3<fc 

2 5 it. mEiMMMMi*i=£Cfe 

■W-2 5 1*. -?-CDS*Ji;j£gS f r *fcl**:h.l-iftlMH» 
»lc«fcyjE»**t4. ^tblHlS§2 0frt>l4, 

*9HHH-2 5*<£lkd:h.&&. ^01*2 2 1*. 

fcft* 51=^11*. s>*ifto canity. &ajEis§2ofr 

&lil***lft*E<MB1H»0V *5*tf«3iEtMB«#ei 

i:iift«)PL L@KA<^**i-5A<. c©«)»*.B*|::*5 
l*ti4, .tErojSS&MfM:.*: y. fili±iisis&2 oicMLT 
I*. fltfttCn? 2 5<D3k*#*«j£i8S!lB#l=f#e>*iftffl 

a*#i=aitoTiSi*tt *sb<«*& $ *lt & y , smrasn 

^2 514, P L L@8ScDjIS^^^LT, fitJtirjfcfcJR 

ft. IP*.. »2 0!)t6*«l=j3L^TI*, S4Me«la]B2 
1, X-f -y^ ESS 2 2 fc J: t/*liffll|HlK2 3 $#*0-rSCl 

ticty, st3fei=&*jai;&ft f r i=rvn^Titt&r ft - 

fto 

[0 0 0 5] 

I~I4, SESMi-«§-©$Sige»lB#l::a3l^T, PLL@g&(D1!: 
EflWW&SS «fc y tt* *JhSIIM**©**HSt»*«, 
£*ft«Jl&« f r iz^sE-rftiiSW^H (PLL r 
ange) Wl=fc*ttf HHI*<f -»WI=I4. jlJt°Tfi£ 

A^&ft. BMW&^j&SEi^cD-f >fcf— • $r 

ttni-^^tiftj: 51-. mtettE«i»«»«a}ftfijnift 

l=. fa £fcl4fb t^5Iim*JBa»A<#«Ef 
l=fcl*TI4. £S!)B#CO&SiJS;J£giA^ 0 4 (DilJtpJfiE© 
1 (PLL range) ncDJiaSgSSIiSKl-feftil^l-. iStf 

;6Si6Ti4iij^«jajKsst(c y %m 

1-ft£U5*£*<fcft. 

[0 0 0 6] m2O^*0iJCDli^lCl4. ±IB(DS 

J: ftSS»«3Ml^l::lS lifcffiift»0>ffittfll 
^$MLt, **«sft«fr *fcl4 



**ii=iaL^ae»ir* yew***.* «t ? i=« £*&sis] 
ftwtfiiA-f ft*I£i-i4. isro-ot- t. fettle 

7n£*lft«*:dl^ **#«JHS»l=iSl*T. i4t§*#1Sfe*< 
r-tfa^pxj Lfc^tt»!&«£C*RriBM£*<*y. -CD 
«fc 7 4*^1=14, jffi*a«tt^Blft»JBa»lcT|EI(i 

4f©«»t*ltrPLLBD»*«JMI«M*L. REM«^<0 

U*47i LT, »JK«3i^>L. WiS»*5S-r4 
il*5*flj±©*jSi*<fc5. 

[O 0 0 7 ] 

IM*#»t4fc«©*S] **B©S»iK«tt : WB 

»l6*SH»»©«#££J*L.THiar*»P L LiIS¥- 
t LTA±J L. Hr3E©1H»ai|l=»"3t^Tj»JWBaSfr 

ft. 

[OO0 8] tits. bubBP L LiIJ13MS:l4. miBS^S 
»»«*©<a*B t jR5HS-s|©tttB t LT<i*§Mm 
E^tB^-Tftm 1 ©<£*Btt$£t§.t, DtrEttlSSMtEfcA 
* LTaKtficffl««E©ffi«iSt*»tttai LTtti^-Tft 

Sir. »«EiM»««S©ai*«#SAALr. «TCK 

SW*«a»l5j-«*i*ffll7{.T**LTt.«J:<. *fc. 
«HE»H«35«i*»#SI4. luismjjlt • *Eiiffl««* 

*«a • tEttiiiOTfl>fs;*;H6-it 

Ml^ieit-TftR A Mir, Bf[SB;1l©«lS©rt§$«S-rft 
Br3g©«IWBiJ«:6i;ici|!rlE«3tt • 15<4iiMfl)fy 

^ftSinmE^-^fii^fsis-rftROMt, msEmsst • 

«Ettffi«*#a>T v * ;utt t fiIES*l:ET r -'S' fit fc 
Wg»^*A6, tt*#*A» & LTWE*MBJ»Ji::*-3l* 
rjg^ffiii^^Ti-v fitsp l LJfiJi*l6ro;u— ^ic^ 
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[0 0 0 9] «re»JB»M«r«»*«l*. ^'f* 

□ a > tf a. - -5" ic J: y ffA-r ft J: 5 1= L T =b £ I* . 
[0 0 1 0] 

i*s -^(Diitero^^icfcLNT, iB*a»»iT-i=jt*-r*e 

ft ffi»«*©«EtMB«* t *ssfeffi«* 
&G>Mwmi~&'5i*xm%.mm&?Ti\ Bijtep l l>iji 

«r "f * 3S«r M »«# * * * L T B) A f 4 # M RK*i frJ W 

LTl*ft. 

[OOl 1] D 1 l**S6BJCD 1 SUSCT^^-r^P 
-f ^ D3>ea — ^r*ffll^fc«-C*y. Hi le^ftft 

■■kM*«a*a«n? i oic^eelt. me 

^ 1 (4«tt«« (1) 2<t. D-y\°X7<;U^3 

mmvm&m&At* TOn&Bt&Mssfc. use 

»*tt#JS* 6 <t . if MS 7 t . !13£ft$B8l*n« 8 t , 

ttffiitKS (2) 9 t*tt?L-c«i***irj3y, tt«it 

$£St (1)2. P-/^7-r 3. ®EftWf6lSS84 
RfcLTl^ft. 

[o o i 2 j ei 1 icfci^r. sgtbBticfcu-ci*, 

7tf-ha>tS5£, w*$^©B#lii]lftSfcj:tftt«lt8» 

2 ic^-r ft * a $ «-affla»©Mg*^t7*?n* . 
id*»Hatti=«fc«p l Litfii^ia:<D5ia^s«5iHijS 

ftfto 

[0 0 13] Z<D&iSffl;W ^CD&AleifcCT. 

^ □ Zl > t" i — $ 1 frt>l*. te"7-f$ □ =3 > if ZL — £ CD 

* p ?9{|#$#JR LT *i4»*ffijSE»«#S1 
#tti*aF;h.T. ftffiitttS (1) 2i::A*i£;h.ft. tttl 

j£8» (i) 2ic^lti*. prajBa»JB*5«j:yffl* 
■easy, eft s> si ott«t»jB«# 

I*, A1G)A»S»I+T. S*]»1EA1 ICJ: 



*»I*5l:AA**i4ti:ti:, HS#JB«6l=*Siy 
TJB*RA<N1 »J!$*iTffil!]1f-^S5 *<±fi££ftfto 
3E«Kift«ttlcfcl^TI*. te*Bitt*f§ (D 2. d-/n* 

*5«tt?PLLiU¥Ri:J:^ «*J§;JS.R«#S1 

JS«-5fS2 CDJB&gfcf 2 tt*L<fc5 (f 1 = f 2 ) „ 

tto-c. vKnatat^Mis (2) 5cd»jsr£n2 t* 
■&t. «E«»*»»4j:yse«a***L*«*s4 cd 

H;£3a£f4 tLT« f4 =f1 xN2 i I* 5 
ft. 

[OOl 4] *fc % ±IBc75iEtb«-^S5 l*4MM7l=£ 

1 oicBHnaFftr title, SUMMITS 5 cd 

«tttt*«#ev tLTtl*iJttt» (2) 9l;A2l£ft 
ft. *3MMStt»»8*N&tt. l£^IS«-5tS5 CD 

®3K&4B<1# 0 I i LT11^-S7 A<iii±i $tiT, (iffitt 
3£3§ (2) 9l=A2j*ftS. ttffiltlBS (2) 9lc*Sl* 

35 • ftEt&*sm{g#A2 *<*beui***i. v-f^pa^ 

t*a.— 5» 1 ICA*$*Vfto CCD«5S • ®Eisi4eSii#A 

2 CD^Eiill*, Da^ta- ^ 1 I^gpcDA/Dn 

2 |-fcL\T. 1 msec r <h I e ¥ v ^ CD ;Tl ■ HE 

^P3>tfi — ^ 1 I^SiJCDR AMIC— B#Mle 

fS1«$*tfto 

[OOl 5] -^dfcl^T. 7<f5na>t'a-ii 1 IC 

p*3ia$tLftROMizi*. TAiisinTi oicEn»D$ 

T. a^Jt^S (2) 9<kyffi***ift«3t • «E(4« 

fsit$4xTL'>ftc ccDmgfi • mEtiffi^^ct^ftii-& 

roSHISE^-^fiS^Rd . S5SBR AMlz-BSWKffilt 

M#OSEU"<;ucDttSSffi^l=:J3t^-CI*, Rd>Yd , 
Rd =Yd fccfctfRd <Yd CDP*3CD<5I4x^— OCDM^HC 

*</5)c35:o 0 Rd>Yd cD^ieli, HB#*icJjltftiEi!j 
fflsSft**. 1 0 f r <fe y 

t,16LN|Etb)g;fig)IT'iElb-rft«t ; 5ir. qrftnSEft^-n» 

5 <Dftm&i}<#mt&%. J^xi^i) c t l-c^ y . 
Rd =Yd cDii^ii, m.m&\ztert&mw)m;&§!itf* s 

^iSHKl^l OCDa*^IJi;J$^ f r ir «fc y ffiErf ft «fc 
5le. DTRfia»»«»5<D»«»4<»fI»S**tTL^ 
ftCch^mi^L. ^t=Rd<Yd CD^-grlcl*, mW^lr 
fcltftlESblU^SS^, JS^jRllit^f- 1 OCDa^ftffiJH;fi 
S&fr cfcU t*L^Bl«|jS.aic«fcyffiiSrftJ:5ie. W 
3§ 5 CD»J18k*<«ffiiaS * in ft 3 t ^ 
mufcLTUfto 
[0 0 16] ^le, 7^^7D3>ta-^ 1 icfcl^T 
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i* , fiie r o m w i z mm $ *ir i \ & mm. ©$ij mm i c s -5 

C*"C. ^JS;j£?$#^Sg5©»J3gft£tS:3£?- &tcSb<Dm 
tlTl^t;^ • mEeii^1f-§-T-*— ^MYd <>:. ROM 

ftm$n<Dwm : £mw? zwmmm^ d 1 $ ti 

^a^&S&#JSf§5|::;fc^TI4. HUt*H2P«#D 
1 l=<£y$W£*iT:b v JWI§&N2 (DlgSMA^Sr^^-So 
«t*5. *SSiteW::fc^TI4. »HSfeN2 ©i££fii£MSr 
-ri»H»S&S|A<l Omsecrtlz^tLT^-Sc C©H»r 

^^>»;7it • mE©mBM*<lil;*^lc^3rf £,£51-. 
tSK^lS 5 ©#Jli& N2OT|£^fil7!)<Mff $ *IXH> 
SStMI-liRd =Yd <t&£J:?l::IEIiJI;J£i&l-*f 

t&t&y. «BEM»*a»4«tyai»**i4*#s4 © 

f 4 .fr^xts f 4 = f 1 x N2fcftoT, SE 
«I«#SS ©JBBJIiattf 5 I*, f 5 = f 1 x (N2 y 
N1 ) ifc*. 

[0017] an*,. *sitte«at=:*>t^xi*, s^saisT 

(1)2. D-/<7.7-f JU^ 3. «EflHH§P5gig&4 jS«fc 

o*»©«a[ • «mtt«a«#A2 ja^h. nuts 

JSELTfcti^-r-ST^Qai/ea — $ 1 l J «tfiK$*l 

*»H»s«w»¥- at * m^xmrn-t % z t \z & y . 

y. gB$iK8H)7-i oro&*4ttKJS;fttt£ttttl=fflJ&iB 
JtrSwitfRTteifcy, m2<Dtt*<Diffi«ift&lb?-IE 

tic. giffliMA'fKatJiH*. 
[0 0 18] &*$;MegBI=<):£>&*:*JgM?iEl!i£B 
I*, -flair. at***lfflLfc7*fai-*i:«L. 



4*-C*, *fc. *©J£ffl®£: LTI4. tt*gfty$— , 
feaoS^ttSlftT-BlliSaJ: LTi^l-jSfflSti-i, 
[0 0 19] 

[#SBJ3©Sam] Ja±lttWLfc«fc5l=. *S6HI4. fflfift 
Siig^affiSl^ lEiS^Slciiffl $ tit . 
WHt#©ia*tttSt**«i: LT. FJt£©**J1 

a a lt, ■njRs«ki=»e-r«jiis«ka>fli 
#£±j*LTaj*-r$PLi_ifijs#«fc. fltraubtt-* 

asjMnismv fiiBP l i_iiJi3MS©;u— ^wronai 
Jti-*i$siijrr * c t ^pthbic* y . R-ommtem®* 

l=»-r*«MJ8a«ltt1IW**SI=«»-<-*C4:*^rtt4: 

*-e*ci6<-C*«fcl*5S*JIM>«fcy. Ml-. Si^;J$ii 
■Ti:»t4«««ifeJ:tfaS«tti:J:4ftIlia» 
©^^blc•tefFfc-r§«;5^Tlc^5l^Tt. JEilfioS^Lfc 

[0020] «riB»ja»s«»dw#a*-7-f 

tfa-$ lcMa$tt-5 ROMf-5 ©gfcflt^ ^M-T -5 C 

ti=«fcy. ia*a«»^i=»-r*KibJBa»*. ff«© 

tE14ffliiff©77-P iff-$ fit© U^U ^mUfi^l- 

y. ^aHSb J f L ©aj^)^si^«l:-r-§>Ci:A<-e#-S)i:^ 
[EliS©^*^iftBJ] 

[01] *#6W©-g|J£ff'J&*-r^P-y^E!^fe-5. 

[02] m.%m%7ji-t7av<7®X'&z>. 

[113] flj2©^3R«lJ$5F-r^P'V^Bl-efe«.. 

[0 4] ataan^ffl-f^e- y>xwttstB-e 

[0 5] fti5tf^B#|Cfclf^^#;«Sii^©-f >t°-^ 

> x effi?#t4 m r* s o 
[^•§-©iftsj] 

2 <4ffii:b$5S ( 1 ) 

3. 15. 17 ;u^> 

4 . 11. 18 «E$'jii|]#£!Ift 
5 pJ^DK^llll 
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6 ®mm>mw%m 
7 . 12, 19 mmm 

8 *fttik*B$$n« 

9 itmit$m (2) 

io N i6 ig^&tlli^ 

1 3 mmtam 



14,24 fttltblscfS 

20 tfnbm& 

2 1 &*«£8 

2 2 T.'f 'V^IslSS 
2 3 fWESS 



[Hi ] 



[0 5] 
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